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A resist materia! comprising (a) a polymer having a monomer unit having a special tuncaonal group, a 
t , c v ,„ u j ,*yi group and if necessary a third monomer unit (d, a photoaeso 
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CKkMICAL AMPLIFIED RESiST MATERIAL 



BACKGROUND OF THE INVENTION! 

This invention relates to a resist material usable in the production of semiconductor elements. More par- 
ticularly the present invention relates to a resist materia! used in the formation of a positive tone pattern using 
deep ultraviolet (UV) Sight of 300 nrn or less such, as KrF excimer laser light, etc. 

With recent higher density and larger scale integration of semiconductor devices, wavelengths used in 
exposing devices for minute processing, particularly for lithography become shorter arid shorter. Now, KrF 
excimer laser light (248.4 nrn) is studied. But, there have been no photosensitive materials suitable for such a 
wavelength. 

For example, there are proposed dissolution inhibiting type resist materials comprising a resin having high 
transrnittance for light cf near 248.4 nm and a photosensitive compound having a group of the formula : 
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as a resist material for a Sight source such as KrF excimer laser light and deep UV light (e.g. Japanese Patent 
Unexamined publication Nos. 1-80944, 1-154048, 1-155338, 1-155339, and 1-18852 ; Y. Tarti et al : SPlE's 
1889 Sympc, 1086-03, etc.). But, these dissolution inhibiting type resist materials are low in sensitivity, and 
thus cannot be used for deep UV light and KrF excimer laser light which require highly sensitive resist materials. 

On the other hand, in order to reduce the exposure energy amount {so ss to increase the sensitivity), there 
are proposed recently chemical amplified resist materials wherein an acid generated by exposure to fight is 
used as s catalyst [H. fto et al : poly. Eng. Scl. vol. 23, page 1012 <1983)t. Various chemical amplified resist 
materials are reported, for example, in U.S. patent Ncs. 4,491,828 and 4,603,101, Japanese Patent 
Unexamined publication No. 62-115440, W.R. Srtmsvoid et al : SPlE's 1989 Sympo., 1086-40, T. Neenars et 
al : SPlE's 1989 Sympo., 1086-01, etc, But these chemical amplified resist materials have the following disad- 
vantages. When phenol ether type resins such as po!y{4-{ert-butoxy«rbonylo)<ystyfene) ( poiy(4-tert-bu$oxycar- 
bonytoxy-a-methylstyrene), po!y{4-tert-butoxystyrene), po!y{4-{ert~butoxy-a-methyistyfene) are used, heat 
resistance is poor, and resist films are easily peeled off 2t the time of development due to poor adhesion to 
substrates, resulting in failing to obtain pattern shapes. Further, when carboxylic acid esier type resins such 
ss poiy{tert-butyi-4-vinyibenzoate). etc. are used, the transrnittance for light of near 248.4 nm is poor due to 
the aromatic rings of the resin. When poSyltert-huryimethacryalte) and the like Is used as the resin, heat resi- 
stance and resistance to dry etching are peer. As mentioned above, the chemical amplified resist materials have 
higher sensitivity than known resist materials, but are poor in heat resistance of resin, poor in adhesiveness to 
substrates, and insufficient in transrnittance forlight of near 248.4 nm, resulting in making practical use difficult. 
Tnas, practically usable highly sensitive resist materials overcoming these problems mentioned above are des - 
ired. 

SUMMARY OF THE INVENTION 

it Is an object of the present invention to provide a positive ions resist material having high transrnittance 
for deep UV Sight, KrF excimer laser light, etc., having high sensitivity for exposure to these light sources or 
Irradiation of electron beams and X-rays, and using a special polymer remarkably excellent In heat resistance 
and adhesiveness to a substrate. 

The present invention provides a resist materia! comprising 

(a) a polymer represented by the formula : 



£P 8 446 374 M 



5 




wriss e:c= R 1 is a methyl group, 3,1 isopropyl group, a tart-butyl group, a letrahydropyranyl group, 3 trimetbyt- 
ssiyi group, or a teri-butoxycarbony! group ; R 2 is a hydrogen atom or a methyl group ; and k and p are inde- 
pendently sri integer of t or more provided that k/(k+p) * 0,1 to 0.9, 
15 (b) a photosensitive compound being able to generate an acid by exposure to light, and 

{0} s solvent tor dissolving the components {a} and (b). 
The prevent invention also provides a resist materia! comprising 
(aj & polymer represented by the formula : 



25 




(II} 



wherein R 1 and R 2 are as defined above ; R 3 and R s are indsp-r; iemly a hydrogen atom or a methyl §r»sip; 
R 4 is a hydrogen atom, a carbcxyi group, a cyano group, or a group of the formula : 




(HI); 



R r is a hydrogen atom, a halogen atom or a lower alky! group preferably having 1 to 4 carbon atoms ; R« 
is a hydrogen atom, a cyano group. or-COOR 8 ; R 8 is a straight-chain, branched or cyclic aikyi group having 
1 to 10 carbon atoms ; k', p' and m are independently 3n integer of 1 or more provided that 0.1 ?S k7(k'+p'} 
S 0.3 and G.0S S m/{k+p'+m) £ 0.50, 
4S (b) a photosensitive compound being abfe to generate an acid by exposure to light, and 
ent for d 1 . 1 - ' ' ^ i I 

BRIEF DESCRIPTION OF THE DRAWINGS 

50 F s V d s 3 1 v. re schematic cross n <- t^rn terming process 

using the resist material of the present invention. 

Fig. 2 is a graph showing UV spectral curves of resist material films obtained in Experiment 1. 

DESCRIPTION OF THE PREFERRED EMBOOfMENTS 

53 

The resist materia! of the present invention applys chemical amplification so as to make an exposure energy 
amount as low as possible. That is, the resist material of the present Invention comprises (a) a polymer having 
a rnonomerunit having a functional group which becomes alkali-soluble by chemical change with heating under 
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an atmosphere of an acid generated from g photosensitive compound when exposed to iSght, a monomer unit 
having a phenolic hydroxy! group, and if necessary a tolrd ^cncmerunlt, ;dS 5 photosensitive compound having 
high transrniitance for light of near 248.4 rsm ard being able to generate an scid by exposure to light or by irradi- 
ation {hereinafter referred to as "photoacld generator"), and (c) a solvent for the components (a) and {b}. 
s The monomer unit raving a functions! group {special fcnctlcnai group) which becomes alkali-soluble by 
chemical change with heating in the presence of the acid can be obtained from p- or m-hydfoxysryrane deri- 
vatives having protective groups which are released by the acid and p- or m-hydroxy-a-msthyistyrene deriva- 
tives having protective groups which are released by the acid. Concrete examples of such monomers are p- 
or m-methoxystyrene. p- or m-isopropoxystyrene, p- of m-tert-butoxyslyrene, p- or m-tetrahydrcpyranyloxys- 
io tyrene, p- or m-tarnethyisilyioxystyrene, p- or m-tert-butoxycarbonyioxystyrene, and p~ or m-hydrcxy-a-rnethyl- 
sfyrene derivatives having the same protective groups as these p-hydroxysryrene derivatives mentioned above. 

The monomer unit having a phenolic hydroxy! group can be obtained from p- or m-vinyipheno! and p- or 
rrvhydroxy-a-metrsylstyrene. 

The third monomer unit which is used depending on purpose and has a function of enhancing the trans- 
15 mittance for light cf the polymer as a whole at near 248.4 nmcsn be obtained from u~methyistyrene, p-ch!oros~ 
tyrene, acrylcnitriis, fumaronitriie, methyl meihacrylate, tert-butyl meihacr/late, tert-butyl 
p-ethylphenoxyacetate, etc. 

The polymer has the monomer unit having the special functional group and the monomer unit having a 
phenolic hydroxy! group in a constituting ratio of 1 : S to 9 : 1 . Considering heat resistance of polymer and adhe- 
re siveness to substrate, the constituting ratio is preferably in the range of 2 : 3 to 7 : 3. 

Preferable examples of the polymer of the formula : 
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are those having a tert-butyl group, a tetrahydropyranyl group or a jrimethylsiM group as R 1 and a hydrogen 
atom as R 2 . 

35 Preferable examples of the polymer of the formula : 
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are those having a tert-butyl group, a tetrahydropyranyl group or a trimelhyisSyl group as R 1 ; a hydrogen atom 
or a cyano group as R* ; a cyano group or 3 teri-butoxycarbonyi group as R 6 ; and a hydrogen atom as R 2 , R 3 
so and R s . 

Concrete examples of the polymer are as follows. 

p-isoprGpoxysryrene-p-hydfoxysh/rsne polymer, 

m-lsopropoxystyrene-m- or p-hydroxystyrene polymer, 

p-tetrsnydropyranyloxystyrene-p-hyds-oxystyrene polymer, 
ss m-tetrahydropyranyloxystyrene-m- or p-hydroxystyfane polymer, 

p-tert-l)utoxy?hyrene-p-hycroxystyrons polymer, 

m-tert-butoxysryrene-m- or p-hydroxystyrene polymer, 

p-trimethyisilyioxysryrsne-p-hydroxystyrene polymer, 
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m-trimsthyisilyloxysfyrene-m- or p-hydroxystyrene polymer, 
p-tstt-butDxycarbonyfoxystyrene-p-hydroxystyrefie polymer, 
m^eft-butoxycarbonyioxystyrene-m- or p-hydroxystyrens polymer, 
p-methoxy-a^nefhyisryrsns-p-hydrxy-a-methyistyrersa polymer, 
m-methoxy-s-rneihylstyrene-m- or p-hydroxy •a-memyistyrerte polymer, 
p-tsn-butoxycarbcrsyioxystyrene-p^iydroxystyfene-mettiyirnethacryiate polymer, 
m-tert-butoxycarbonyioxystyrene-rn- or p-hycroxystyrsne-methyi msthacryiaie polymer, 
o .tesahydrc-xypyranyioxystyi'cne-p hydrcxysiyrene-tert-bu'.yl m*-thacryiaie polymer, 
m ■tetrahydroxypyranyloxyshyrene-m- or p-hydroxysiyrene-tert-butyi methacrytete polymer, 
p-ier --but oxystyrene-p-hydroxystyre r.a-fumaronitriie polymer, 
m-tert-sutoxystyrene-rn- or p-hydrGxysryrene4umaroniirile poiymer, 
p-trirnatbyis5y!oxysiyf8ne-p-hydfoxystyrene-p-<:b!circistyreris poiymer, 
rFi-bisriethylEJyioxystyrene-m- or p-hydroxystyrene-p-ch!orostyrene polymer, 
p-tsri-biiJoxystyrene-p-hydroxystyrerse-terlbutyi methacryiaie polymer, 
m-tert-tiutoxystyfene-m- or p-hydrcxystyrene-tert-butyi metnserylaie poiymer. 
p-tsri-butoxystyrene-p-bydroxystyrerte-acryfonstrife polymer, 
m-teit-butoysryrene-m- or p-hydroxysryrene-acrylonitrile poiymer, 
p-ter^b-j^xystyrivns^^ 

m-tert-butoxystyrene-m-or p-bydroxystyrene-tert-butyi p-emenylphencxyacetate polymer, eta 
These polymers can be prepared by the following processes 1 to 3. 



[process 1] 

A monomer having the speciai functional group stone, and if necessary together with a third monomer, is 
polymerized according to a conventional method, e.g. in an organic solvent In the presence of s radical polym- 
erization initiator in a stream of nitrogen or argon at 50'C to 1 10*C for 1 to 10 hours. As the organic solvent, 
there can be used benzene, toluene, tetrahydrofursn, 1,4-dioxane, etc. As the radical polymerization initiator, 
there can be used azc series polymerization initiators such as 2,2'-azobisiscbutyfonitriia, 2,2'-azobis(2.4- 
dimetbylvaieronitrile), 2,2r-azobfs(msthyi 2-methylpropionate), eta ; peroxide series polymerization initiators 
such as benzoyl peroxide, fauroyl peroxide, etc. 

After the polymerization, the resulting poiymer having the monomer unit bavin g the special functional group 
atone or together with the third monomer unit {copoiymer) Is isolated by a conventional method. Then, the iso- 
lated polymer or copolymer is reacted with an acid in an organic solvent at 30* to 1G0°C for 1 to 10 hours to 
eliminate the speciai functional group at optional proportions. 

As the orgsrsic solvent, Shere cars be used tetrahydrofuran, acetone, 1,4-dioxane, etc. As the acid, thera 
can be used proteinic acid such as sulfuric acid, phosphoric acid, hydrochloric acid, hydrabromie acid, p- 
toluenssuifonic acid, etc. After the reaction, the resulting polymer is after-treated by a conventional method to 
Isolate She desired poiymer. 

For example, a monomer of the formula : 




<iv> 



wherein R ! and R 2 are as defined above, is polymerized, followed by elimination of R 1 at predetermined pro- 
portion using a suitable acid to obtain the polymer of the formula (t). 

The poiymer of the formula (!) can also be obtained by polymerizing p-tert-butoxystyrene and eliminating 
R" at predetermined proportion using a suitable acid. 

On the other hand, the poiymer of the formula (li) cars be obtained by copoiymsrizing a monomer of the 
formula (IV) and a monomer of the formula : 




(V) 



m wheresn R 3 toR s are as definsd sbov^ ? i<-t ■> i ter 

The poller of the formula ill} can also be obtained by ccpoiymeriztng p-terfc-butoxystyrene and a monomer 
e using a suitabi 



A monomer having the special functional group, p-hydroxystyrens (or p-hydroxy-a-methyistyrene}, and if 
necessary a third monomer are copolymsrized in the same manner as described in Process 1, after-treated 
by 2 conventional method to isolate the desired polymer. 

20 [process 3] 

p-Hyeroxysryrene {or p-hydroxy-a-rnethyisf/rene) atone, or if necessary together with a third rrtGnomer, is 
polymerized or copolymerized in the same manner as described in Process 1. The resulting polymer or 
copolymer is subjected to chemical introduction of the special functional group in an optional proportion and 
25 after-treated by a conventional method to isoiate the desired polymer. 

The polymer used in the present invention can be obtained by anyone of the above-mentioned three pro- 
cesses. Among these processes, Process lis more preferable, since the poiymer obtained by Process 1 is 
remarkably excellent in transmlttance for light of near 248.4 nm compared with the polymers obtained by Pro- 
cesses 2 and 3. 

30 This is explained in detail referring toa typical poiymer of po!y(p-tert-butcxystyrene-p-hydroxystyrene) rep- 
resented by the formula {I}. 

Poiy{p-tert-bytoxystyrene-p-hyeroxystyrene) obtained by Process 1 and pcsy(p-tert-bytcxystyrene-p-riyd- 
roxystyrene)s obtained by Processes 2 and 3 {proportfors of individual monomer units being 1:1} were film 
formed to give films of 1 urn thick. Using these films, the transsmittar.ee for light of 24S.4 nm was measured. 
35 The transmittance of the poiymer obtained by Process 1 was about 70%, and the polymers obtained by Pro- 
cesses 2 and 3 were about 55 to 81%. 

When the resist material is used for photolithography of uitrafine processing, to have high transmittance 
for light Is important. 

it is preferable that the poiymer has the weight average molecular weight -Mw) of about 1000 to 40,000 In 
4C terms of polystyrene measured by GPC method. More preferable weight average molecular weight (Mw) is 
about 3003 to 20,000. 

As the photoacid generator (b), there can be used photosensitive compounds which C3n generate an acid 
by exposure to light and do not Influence badly on the formation of photoresist pattern. 
Particularly preferable photoacid generatora are as follows. 



wherein R« and R'° are independently a straight-chain, branched or cyclic alky! group having 1 to 10 carbon 
55 atoms, a haloaikyi group having 1 to 10 carbon atoms, or a group of the formula : 



[process 2] 
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R 11 



wherein R 11 and R 17 - are independently a hydrogen atom, a tower alkyl group having 1 to 5 carbon atoms, a 
10 haloaikyi group having 1 to 5 carbon atoms ; n is zero or an integer of 1 or more ; and X is a carbonyl group, 
a carbonyioxy group or a sulfonyl group. 



(XI) 



wherein R 13 is a straight-chain, branched or cyclic aikyi group having 1 to 10 carbon atoms, 3 brifiuoromothy! 
group, or a gfoup of the formula : 




{XII} 



wherein R i7 is a hydrogen atom or a methyl group ; R M and R ,s are independently a hydrogen atom, or a lower 
alkyi group having 1 to 5 carbon atoms ; and R 1 * is a straight-chain, branched or cyclic alky! group having 1 to 
10 carbon stoma, preferably 3 to g carbon atoms, a phenyl group, a baiogen-substiiuted phony! group, an al- 
as kyl-substitutsd phenyl group, an alkoxy-subststuted phenyl group, or 3n alkyHhic-substitutod phenyl group. 




(XIII) 



wherein R« R 13 , R 20 and R" sre independently a hydrogen atom, a halogen atom, a straight-chain, branched 
cr cyclic aikyi group having 1 to 10 carbon atoms, or an alkoxy group having 1 to 10 carbon atoms ; 2- is a 
perehicrate ion, a p-toluenesulfonate ion or a trifiuoromethanesuifonate ion. 
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(XIV) 



wherein R 22 Is s trichioroacetyl group, a p-fcRjersesulfonyi group, a p-iriftuoromethyibenzenestjifonyi group, a 
10 rnethanesuifonyl group or a trifiuofomethanesoifortyl group ; R n and R 24 are independently a hydrogen atom, 
a halogen stem, or a nitro group. 

Preferable examples of the compound of She formula (VI J are as follows : 



0 

»9 



"2 

wherein R 6 and R 10 are as defined above. 
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wherein R s and R»o are as defined above. 



(IX> 
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{X} 



Concrete examples cf the photoacid generator are as follows. 
bls(p-fO!uenesiiifGny!)d:azometriane, 
t -p-toluenesuifonyl-1 -meihanesuifonyldiazorostbane, 
4$ bis{isopropyisulfonyi)diazom3thane t 
bis(cydohejcy!sii!fonyl)dia20frse{hane. 

1- cyclohexylsuifonyM-tert-buty!sutfofiyfdia20frisU>ar(6, 

1 -p-toluenesiiifonyi-l -cyciohexyicarbcnyldiazometriane, 

2- m8thyi-2-p-toiuenesuifony!propiophertof!e, 

so 2-fn8thar:9su!fGnyi-2-rnethyi-(4-methy1thfo}--ps'opiophenone, 

2.4-<llmsthys-2-(p-toluenesulfonyE)pentar!8-3-on 1 

2-(cyclohexyl-carfconyl)-2-{p-tolueries»jifonyi}'pfopan8, 

diphenyf-p-methyiphenacyisulfonium percbloraie, 

diphenyi-Z.S-dirnsthoxypf'.enacySsulfoniump-toluenesulfanate, 
55 2-nitrobenzyi p-toiuenesuifongte, 

2,6-dinitrcbanzyl triehloroscetate. 

2,4-dirsitrofeenzyl p-tritlueromethyi benzertesuifonale, etc. 

As the solvent: (c), there can be used those which can dissolve both the polymer {a) and the photoacid 
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generator (b), and preferably Hays no absorption at near .230 to 300 nm. 

Concrete examples of the solvent are methyl Ceilosoive acetate, ethyl Ceilosoive acetate, propylene glycol 
moncethyl ether acetate, methyl lactate, ethyl lactate, 2-ethoxyethyi lactate, methyl pyruvate, ethyl pyruvate, 
methyl 3-methoxypfopionate, ethyl S-rcjethoxypmpionate, N-methyl-2-pyrrolidone, oyciohexanane. methyl 
5 ethyl ketone, 1 ,4-dioxane, ethylene glycol monoisoprapyl ether, diethyiene glycol monomethyl ether, diethyiene 
glycol dimethyl other, etc. 

The resist material of the present invention may further contain one or more dyes, surface active agents, 
and the like. 

Pattern formation using the resist material of the present invention can be carried out as follows. 

10 The resist material of the present invention is coated on a substrate such as a silicon wafer so as to make 
the film thickness about 0.5 to 2 um (in the case of forming the top layer among three layers, the film thickness 
being about 0.1 to 0.5 urn), and prebaked at 70° to 13G°C for 10 to 30 minutes Irs sn oven or at 70" to 13G"C 
for 1 to 2 minutes on s hot plate. Then, a mask is formed on the resulting resist film for forming the desired 
pattern, and exposed to deep UV light of 300 nm or less at an exposure dose of about 1 to 100mJ/cm 2 .Devslor> 

i$ rnent Is carried out by a conventional method such as a dipping method, a puddle method, a spray method, 
etc.. using a developing solution such as ar aqueous solution of 0.1 to 5% tetramethySammonium hydoxide 
(TMAH) for 0.5 to 3 minutes to obtain the desired pattern on the substrate, 

Mixing ratio of the polymer (a) and the photoacid generator (b) in the positive tone resist materia! is 1 to 
20 parts by weight, preferably 1 to 10 parts by weight cf the photoacid generator (b) per 100 parts by weight 

20 of the polymer (a). 

The solvent is used preferably in an amount of 100 to 2090 pans by weight, mere preferably 150 to 600 
parts by weight per 100 parts by weight cf the polymer (a). 

The develop ing solution used for forming various pattern forming methods is seie cted from alkali solutions 
with suitable concentrations so as almost no! to dissolve non-exposed portions and so as to dissolve exposed 
25 portions depending on the solubility for the alkali solutions of the rasin (polymer) used in the resist materia!. 
The concentration of eikali solutions is usually 0.01 to 20% by weight. As the alkali solutions, there can be used 
aqueous solutions of organic amines such as TMAB, choline, triethanciamtoe, etc., inorganic alkalis such as 
NaOH. KOH, etc! 

Since the polymer used In the resist material contains hydroxysiyrene skeleton in its component, the resist 
30 material is excellent in heat resistance, resistance to dry etching and adhesiveness to the substrate. Further, 
when the polymer is produced by Process 1, it has remarkably excellent transmlitance for light of near 248.4 
nrn compared with the polymers produced by Processes 2 and 3. 

The resist material of the present invention can generate an acid by not only KrF excimer laser light but 
also electron beams and X-rays to admit chemical amplifying action. 
35 Therefore, the resist material of the present invention can form patterns by using deep UV light and KrF 
excimer laser light with a sow exposure dose or by irradiation method using electron beams and X-rays, while 
acpiylng chemical amplifying action cf the resist material. 

More concretely, when the resist material film is exposed to KrF excimer laser light, deep UV light, etc., 
exposed portions generate an acid by photo reaction as shown below : 

40 
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When heat treatment; is carried out subsequent to the exposure step, the special functions! group (e.g. a 
tert-butcxy group it? the reaction equation (5)} of the poiymer is chemically changed to a hydroxy! group by the 
action of the acid, and becomes aikaii-soiubie and releases into the developing solution at the time of deveicp- 
40 meat 




On the -.other hand, since no acid is generated on non-exposed portions, no enemies! change takes place 
by the i r , eratos ac.s so as to protect the bydrophil : eiies of the 

s poly:; ( f improving 3 1 S - " < <" * f 

when* m is formed by using t! t • ' < s ■ ~ ~> 

a large dif e-e-ce m sc i < 3^ ? -v 3 ?&.;<? between the exposed portions arid 

non-exposed portions and the resin (poiymer) in the non-exposed portions has strong adhesiveness to the sub- 
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strata, there takes p'-ace no peeling of She resist materia! fiim at the time of development, resulting En forming 
positive tone pattern with good contrast. Further, as shown in the reaction equa lion (5), since the acid generated 
by exposure to Sight acts catalytlcaly, tns exposure to tight can be limited to generating a necessary amount 
of acid, resulting :,n making the reduction of exposure energy amount possible. 
The present invention is illustrated by way of the following Examples. 

Synthesis Example 1 

Synthesis of poly(p-tert-butcxysryrene-p-hydroxystyrene) 
(1) Free radical polymerization of p-tert-butoxystyreoe 

Asolub'Gnc « > yTene(17.6 giin - je t < - it * 7 a r s sobutyronit- 

rsie {ABU} was heated at SG"C for 6 hours under nitrogen. After cooHng, the reaction mixture was poured into 
methanol and the polymer was precipitated. The polymer was filtered, washed with methanol 3nd dried under 
reduced pressure to afford 1 5.5 g of poSy{p-te?t-butQxysiyrene} as a white powder haying Mw 10000 (GPC with 
polystyrene calibration). 

(2} Synthesis of poiyCp-tert-butoxystyrene-p-hydroxystyrene) 

A solution of poly{p4ert~butoxysiyrene) (15.0 g) obtained in above {1} and hydrochloric acid (10 ml) in 1 ,4- 
dioxane was reffoxed for 1 .5 hours with stirring. The mixture was cooled, poured into H 2 0 and the white solid 
was precipitated. The polymer was filtered, washed and dried under reduced pressure to afford 11.8 g of the 
title compound as a white powder having tew 10000 (GPC with polystyrene calibration}. The composition of 
the polymer was found to be p-tert-butcxystyrene and p-hydroxystyrene in a molar ratio of ca 1 : 1 based on 
'BNMR analysis. 

Synthesis Example 2 

Synthesis of poly{p-tert-butoxystyrene-p-hydroxystyrene-tert-butyi methacrylate) 
(1) Free radical polymerization of p-tert-butoxystyrene 

A solution of p-tert-butcxystyrene {23.2 g, 0,18 mole) and tort-bury! methacrylate (5,7 g, 0.04 mole) in 
toluene containing catalytic amount of 2,2'-azobfS{2,4-dimethyivaieroni!die) was heated at 80'C for 8 hours 
under nitrogen- After cooling, the reaction mixture was poured into petroleum ether and the polymer was pre- 
cipitated. The polymer was filtered, washed with petroleum ether and dried under reduced pressure to give 23.8 
g of poiy{p-ted-butoxystyrene-tert-butyl methaerylate) as a white powder, 

{2} Synthesis of po!y(p-tert-butoxyst>'rene-p-hydroxystyrene-tert-butyl methacrylate) 
A solution of pd!y(p-te?t-butoxystyrene-tert-butyl methacrylate) (23,5 g) obtained In above (1) and p- 
toiuenesulfonlc acid (2 g) in 1,4.<JEoxane was refiuxed for 1 .5 hours with stirring. The mixture was cooled, poured 
into HjO and the polymerias precipitated. The polymer was filtered, washed with H 2 0 and dried under reduced 
pressure to afford 14.1 g of the title compound as a white powder having Mw 15C0O (GPC with polystyrene 
calibration). U-iNMR analysis indicated that 60% of p-tert-butoxy group was converted into p-hydroxy group. 

Synthesis Example 3 

Synthesis of pciyip-tert-butoxystyrene-p-hydroxystyrene) 

Using p-tert-fcutoxystyrsne (3.5 g, 0.02 male) and p-hydroxystyrene (2.7 g, 0.02 mole), free radical polym- 
erization was carried out in the same manner as described in Synthesis Example 1 . Then, the reaction mixture 
was poured into petroleum ether, and the precipitate was filtered, washed and dried in vacuo to give 5.0 g of 
the title compound as a white powder having Mw 10000 (GPC with polystyrene calibration}. The composition 
of Ins polymer was found to be p-tert-butoxystyrene and p-hydroxystyrene in a mciar ratio of ca. 1 : 1 based 
on 'HN'MR analysis. 

Synthesis Example 4 

Synthesis of po!y(p-ten-butoxystyrene-p-hydroxystyrene} 

(1) Free radical polymerization of p-hydroxystyrene 

Using p-hydrcxystysrane (5.0 g), the free radial polymerization was carried out in the same manner as des- 
cribed in Synthesis Example 1. Then the precptate was filtered by suction, washed and dried under reduced 
pressure to afford 4.2 g of poly(p-hydroxystyrene) as a white powder. 

(2) Synthesis of po;y{p-tsrt-butoxystyrene-p-hydroxystyrene) 

To a solution of poly(p-hydroxystyrene) (4.0 g) obtained in above (1) in dimethoxyethane (70 ml) in a press- 
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lower, the mixture was 



«ra vessel, Isobutyrene (60 g) and cone. suKuric acid (0.3 mi) were 
brouoht >o 4 5 »C for 1 hour with stirring, and then stirring was continued at room temperature ^ 22 

in a moisr ratio of ca. 1 : 1 based on 'HNMR analysis. 



Swtnesiso!pD!v(p4 e rt-butoxystyreae-p.hydroxystyrene-fumaronitrte) 
-A rarest fxsWmerization of p-tert-butoxystyrene and fumarontoe 

Jle-, wasted ami dried h vacuo to give 21.3 g of po.yip-ier.-tato^^r.rtmarc.^, » . 
pxy group was converted into p-hydroxy group. 



! converted into p-hydroxy group. 
Synthesis Example 8 



synthesis of po^p-lert-butoxycafboRyloxystyrerte-p-hydroxystyrene} 
(1985) in toluene containing catalytic amount of 2,2^ 2 obis(2.4^meihyiva:eron f !ri!e) ^J^ rt *JJ 



i polystyrene calibration), 
the poiymer was found » be p^rt-fcutoxyearbonyloxystyrene and p-nydrcxy.tyrene n a note. «to 



1 based on 1 HNMR analysis 
Synthesis Example 7 



L p tetmhydropyranyloxystyrene and p-hydroxystyrene in a a>olar ratio of ca. 3 : 7 based on 1 HNMR analyse 

Synthesis Example 8 

Synthesis of pol^p-tert-butoxysbyrene-p-hydroxystyrene-methyi methacrytete) 

butoxystyrene-metby! methacrylate) as a while powder. ^wwtaM 
i2) Synthesis of poiyip-tert-butoxystyrene-p-hydmxystyrene-methy! methacryiate) 



A section of poiy<p-tert-butoxy S tyr S r^rnethyf metbacryiate) (10.5 a) obtained in above {1} and 
soluenesulfonic add (1 g) in 1 ,4-dicxane was reiluxed for 1 .5 hours with stirring. After cooling »he mixture wa « 
poured into HjO, the precipitate was filtered, washed with Hp and dried under reduced pressure to afford 7 1' 
g ot the " 5 e iompoi ndasawhite powder having Mw 15000 <GPC with polystyrene calibration). tHNMR analysis 
indicated that 60% of pfett-butoxy group was converted into p-hydrcxy group. 

Synthesis Example 9 

Synthesis of 2 -cydohexyfear bonyi- 2-(p-toiuenesuifonyi)propane 
{1} Synthesis of t-cyclohexyl-2-methyM-propanone 

To a suspension of magnesium turning {23.9 g, 0.98 atom) in dry ethyl ether, cydohexyibromide {1 80 g 
O^S mole) was added dropwlse under mild reflux, followed by reaction with stirring for 1 hour under reflux to 
a.orri Gngnara reagent. After cooling, Grignard reagent was added dropwise to asdution of isobutylovi chloride 
»95 g, 0.89 mole} in dry ethyl ether at -5 - 0»C, the resultant mixture was stirred at the same temperature for 3 
hours am stanced at room temperature overnight. The reaction mixture was poured into H 2 0, and the oronic 
layer was separated, washed with H 2 0, dried over anhydrous MgSO.and evaporated. The residue was disced 
under recuced pressure to give 50 g of 1-oydohexy!-2-methy!-1-propanone as a pale yellow oil having a boiling 
point of 96 - 10GX/2Q mmHg. 

^TOi* C - X2) ' 112 - 1 - 87 < 1 ° K * m m, m, eye- 

IR(neat) venr' : 1710(00) 

{2} Synthesis of 2-chioro-i-cydohexyi-2-methy(-1-propartona 

To 1-cydohexyJ-2-msthyl-1-propanooB (47.6 g, 0.31 moie) obtained in above {1}. sulfgryt chloride (42 a 
0.31 mole) was addes dropwise at 25 - 35"C and the mixture was stirred at 50<C for 3.5 hours and then evapo- 
rated. Thereaultantresidue was disced under reduced pressure to give 30.1 g of2-chloro-1-cyc!ohexy|.2^e- 
thyM-proparjoneasayelfowoif. 

bp. 98-105°C/18mmHg. 

■HNMR sppm (CDCy : 1.18-1.87{18H, m, CH,x2 and cyclohexyiic CH a x5), 3.13(1H, m. cyclohexylic CH). 
l3) Synthesis of 2-ci'clohexyicarbcnyi-2-(p.tolue.n8sulfonyi)propane ~ 

A soiution of 2~chlorD-1^ydohexyi-2-merhyi^-propanone {30.0 g, 0.16 moie} and sodium p-fcluenasuifo- 
nate (30.0g, 0.17 mote) in dlmethylsulfoxide was reacted with stirring at60=C for 20 hours. The reaction mixture 
was poured into ccid H 2 0, continued to stirr at 0 - 5'G for 1 hour. The precipitate was filtered, washed with H 2 0 
and dned. The crude solid (18 g) was recrystalfeed from n-hexane/benzene to give 13.5 g of 2-cyctobexytcar- 
Donyi-2-(p-:ofuenesu!fonyf)propane as while nee^es 

m.p, 123-123.5'C 

<NMR Sppm (CDGy : 1.19-1.91(18* m, CH 3 x2and cydohexyiic CH*x5), 2.45(3H. s, Ar-CH 3 ), 3.25{1H 
m. cyclohexylic CH), 7.33(2H. d, J«8Kz, Ar 3-H. 5-H). 7.65(2H, d, .MHtAr 2-H. 6-R ~ 
!R (K8r-disk) venr' : 1705 (CO), 1310. 

Synthesis Example 10 

Synthesis of bls(cydohexyisulfony!}diazomethane 

(1) Synthesis of p-toluenesuffonylaztde 

• , Afi ™<? S ° iVin9 SDd;um 3Zid8 (22 ' 5 S ' °' 35 mo!e) in a smm amowt Qf H * 0 < * e suiting s oM\on was diluted 
^ 3 t°j! 8th8n0? aqueOUS soiutbn < 130 ml >' To a " ethanoi solution dissolving p-toluenesulfonyi chloride 
f 3 3 ' °' J2 mo,e > was added *°PW<'se si 10 - 25"C, followed by reaction at room temperature for 2.5 hours 
The reaction solution was concentrated atroan temperature under reduced pressure. The resulting oily residue 
was washed with H 2 0 several times and dried over anhydrous MgS0 4 . After removing the drying agent by fil- 
tration, there was obtained 50. 7 g of the title compound as a colorless oil 

mHUR Sppm (CDC; 3 ) : 2.43(3H, s, CH 3 ), 7.24(2H, d, J=8Hz, Ar 3-H, 5-H), 7.67(2H, d. J=8Hz, Ar 2-H. B-H) 

iR(N88l)vcm « ;212Q(-N3}. 

(2) Synthesis of bis(cyc;ohexylsuifonyl)meihane 

To cydohoxyfthiol (20.2 g. 0.17 mole)! an ethanol solution dissolving pottasium hydroxide (12 0 g 0 21 
moie) was added dropwise at room temperature and mixture was stirred at 30 i5°C for 30 minutes Then 
methylene chloride ( 1 8.2 g, 2. 14 mole) was added to this mixture and reacted with stirring at 50 ±5«C for 6 hours 
After standing at room temperature overnight, the reaction mixture was diluted with ethanol .'55 mi) and added 
sodium tungstate (0.4 g), 30% hydrogen peroxide (SO g, 0.44 mole) was added dropwise to this solution at 45 
- 50 C. reacted with stirring for 4 hours at ths same temperature, than added H,0 (200 mi) and standed over- 
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night at room temperature. ~'hs precipitate was filtered, washed with H 2 0 and dried. Ths resultant solid was 
recrystai sized from ethane! to give 15.5 g of bis{cydohexylsu!fonyl)methsne as white needles, 
m.p. 137-139°C. 

'HNMR 3ppm (CDCIj) : 1.13-2.24(2DH, m, cydohexyffe CH,x10), 3.52-3.66(2H, m, cyclohexylfc CHx2). 
5 4.39(2B, a. ClJ}. 

iR <KBr-disk} van-* ; 1320. 1305. 

(3) Synthesis of bis(cycioh8xy!su;fonyi)dazorneihane 

To a solution of sodium hydroxide (1.7 g) in a 60% ethanoi aqueous solution (70 mi), bis(cyc!ch8xylsu1- 
fonyi)methane (12.1 g, 0,04 mole} obtained in above (2) was added, then an ethanoi solution of p-toluenesu!- 
10 fonyi azide (3.2 g, 0.04 mole) obtained in above (1) was added dropwise at 5 - 1G°C, followed by the reaction 
at room temperature for 7 hours. After standing at room temperature overnight, the precipitate was filtered, 
washed with ethanol and dried. The resultant solid was recrystallizsd from acetonitriie to give 8.0 g of bis(cyc- 
Sohexyisuifonyljdiazometae as pale yellow prisms. 
p.m.13Q-131*C. 

is <HN?v?R Sppm (C0C! 3 ) : U3-2.25(2CH, m, cyclohexyiio CH 2 x10), 3.36-3.52{2H, m, cyctohexylic CHx2). 
m (KBr-disk) venr* : 2130(0^), 1340, 1320. 

Synthesis Example 1 1 

20 Synthesis of 2,6-dinitrobsnzyi p-toiyenesuifenate 
(1) Synthesis of 2,6-dmitrobsnzyialcohd 

To s suspension of 2,6-dinitrobenzaldehyde (13.6 g, 0.1 mole) in methanol (200 mi}, sodium borohydrids 
(5,8 g) was added in a small portion at IS - 25°C, me resultant mixture was stirred at room temperature for 1 
hour'snd then concentrated. To the residue, H 2 0 (100 m!) and chloroform (100 mi) were added, followed to 
25 stir for 1 hour, the chloroform layer was separated, washed wi(H f^O, dried over anhydrous MgSO* and evapo- 
rated to afford 15.0 g of2,6-dinitroben2yi alcohol as yellow crystals, 

m,p.S2.5-93.5°C. 

1 HNMR Sppro (CDC? 3 ) : 2.77(1 H, t, J*7Hz, OH), 
4.97f2H, d, J=?H?., CH 2 ), 7.66(18, t, J=SHz, Ar 4-H), 8.08(2H, t, J=8Hz, Ar 3-H, 5-K). 
so (2) Synthesis of 2,S-dinitrob8nzyi p -toluenesoifonato 

To s solution of 2,S-dfnifroberayIateohol (14.9 g, 0.075 mots} obtained in above (1} and p-tQiuanssulfonyl 
chloride (15.7 §, 0.083 mole) In acetone (150 mi}, a solution of dtcydohexylamine (15 g) h acetone was added 
dropwise at 0 - 10°C, stirring was continued for 4 hours at room temperature, the precipitate was filtered off 
and ths filtrate was evaporated. The residue (29 g) was recrysteiifeed from carbon tetrachloride to give 19.8 g 
as of 2,S-diiitroben2yi p-toluenesuifonate as pale yellow leaflets, 
m.p. 98 - 89°C. 

WNMR Spprn (CDCS 3 ) : 2.45(3H. s, CH 2 ), 
5.57(2B, s, CH ? }, 7.34(2H, d, J=8Hz, p-Me-Ar 3-H, 5-H, 7.88(1 H, t. J-8Hz, 2.6-(N0 3 ) r Ar 4-H), 7.72(2H, d. 
J=8H<:, p-Nfe-Ar 2-H, S-H), 8.06(2H, d, J=8Hz, 2.6-(NO;-) r Ar 3-H, 5-H), 
40 |R (KBr-disk} verm' : 1 360, 1 1 70. 

Synthesis Example 12 

Synthesis of 2-msthyi-2-ip-toiii3nesulfonyl)-propiophenone 
45 Using isobutyrophenone, the reaction was carried out in tire same manner as described in Synthesis 
Example 9, (2) and (3}, the crude solid was recrystaliized from methanol to afford 
2-methyi-2-(p-toiuenesijironyi)propiophenon8 as a white needles. 

m.p. 84- &4.5"C 

'HNMR vpom (COCy : 1.70(6H, s, CH3X2}, 
SO 2.45(3H. s, Ar-CH 3 ). 7.32(2H, d, J«7Hz, p-Me-Ar 3-H, 5-H), 7.44(2H, t, J=7Hz, Ar 3-H, 5-H}, 7.54(1H, t,J=7Hz. 
Ar 4-H), 7.67<2H, d, J=7Hz, p-Me-Ar 2-H, 6-H), 7.95(2K, d, J=7Hz, Ar 2-H, S-H). 
IR (KSr-disk) vcrrr 1 : 1680(00), 1303, 1290. 

Synthesis Example 1 3 

55 

Synthesis of 2,4-<}:rne'.hyl-2-(p-tolusnesuifonyi}-pent8n-3«one 

using diisopropyiketone, the reaction was carried out in the same manner as described in Synthesis 
Example S, (2) and (3). The crude solid was recfystailizedfrom n-hexane/benzene to afford 2,4-dimethyl-2-(f> 
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m.p. 76 - 

'■HHUR Sppm {CDChj : 1.15{6H, d, CH^), 
1.8S(SH. s, CHjx2), 2.45(3H, s, Ar-CH 3 ), 

3.54(1 H, m, J=7Hz, CH), 7.34(2H, d, J*8Hz, Af 3-H, 5-H), 7.85{2H, d, J^BHz, Af 2-H, 6-H). 
IR (KBr-DISK) vcm" 1 ' : 1715{C=0), 1305, 1290. 

Synthesis Exampie 1 4 

Synthesis of rnethylsulfonyl p-toluenesulfonyldiazomethane 
{1} Synthesis of rriethylsutfonyl p-toltenesutfonytmethano 

To a solution of rneinyimlometh y s f-:c!y;s;jifone (6.0 g, 0.03 mole) and sodium lungstata (0.06 g) in 
methanol (40 mi) and H 2 0 (4 ml), 30% hydrogen peroxide {6,8 g, 0.0S mole) wss added dropwise at 45 - 50°C, 
reacted with stSnrir g for 1 0 hours under reflux, and standed at room temperature overnight. The reaction mixture 
was poured into H ; 0 (400 mi), and the precipitate was filtered, washed with H 2 0 and dried. The crude soiid 
(7.2 g) wss recrystaiiized from ethanol to give 6.1 g of methyisulfonyi p-toluenesuifonyimethane as white nee- 
dies. 

m.p. 163.5- ISS'C. 

'mUR Sppm (COCij) : 2.48(3H. s. Ar-CH 3 ), 
3.28(3H, s, CHs). 4.58{2H, s, CH 2 ), ?.40(2H, d, J=8H2, Ar 3-H, 5-H). 7.87(2H, d, J=8Hz, Ar 2-H, 6-H}. 
(2) Synthesis of methyisulfonyi p-toiuenesuifonyldiazomethane 

Using melhylsuifcny! p-toiyenesuffonyimethane (5.0 g, 0.02 male) obtained in above (1), the reaction was 
carried cut in the same manner as described in Synthesis Example 1 0, (3), and the crude soiid (3 §} was rec- 
rystaiiized from ethanoi to give 2.2 g of rrethyisuffonyi p-icieuensuifonyldiazomeihane as paie veilow leaflets. 

m.p. 107.5 -10§°C. 

*mm Sppm (CDC! 3 ) : 2.46(3H, s, Ar-CH 3 5. 
3.42{3H, s, CHj), 7.38(2H, d, J=8Hz, Ar 3-H. 5-H), 7.87(2H. d, J=8Hz, Ar 2-H, 6-H). 
LR(KBr-disk) vcrrr 1 : 2120(CN 2 ), 1350, 1330. 

Synthesis Example 15 

Synthesis of 1-dia20-1-methy!suiforiyi-4-pher)y!butaa-2-orte 

(1) Synthesis of methyl 3-phenylpropionate 

A solution of 3-phenylpropicnic acid (50 g, 0.33 mole) and cone, sulfuric acid (5 g) u> methane; (220 mi) 
was refiuxed for 1 hour with the stirring, concentrated and poured into coid H 2 0. The mixture was extracted 
with methylene chloride (75 mi x 3}, the organic fayer was washed with H 2 0 (125 mi x 2), dried over anhydrous 
MgSOi and evaporated. The residue (54 g) was distilled under reduced pressure to give 51.5 g of methyl 3- 
phenyl propionate as a colorless oii. 

bp. 94 - 95°C/5 mmHg. 

IR (Neat) venr 1 : 1745 (COO). 

(2) Synthesis, of 1-methylsuSfony!-4-phenyibutari-2-one 

To a solution of dimethyfsulfone (42 g, 0.45 mole) in dimethylsufoxide (225 ml), 60% sodium hydride (17.S 
g, 0.45 mole) was added in a smalt portion a} 18 - 20°C, stirring was continued at S5 - 7G*C for 30 minutes, 
and then diluted with tetrahyeroiurati (225 mi). Then to this mixture, a solution of methyl 3-ehenylprepionste 
(36.6 g, 0.22 mole) obtained it> above (1) In tetrahydrofsjtran (110 ml) was added dropwise at 33 - 41*C, and 
reacted for 1 hour with stirring, After cooling, the reaction mixture was poured info dilute hydrochloric acid, ext- 
racted with chloroform (100 ml x 5), the crgaric layer was washed with H 2 0 (200 ml x 3), saturated aqueous 
NeHCOj (200 mi x 1), then H 2 0 (200 ml), dried over anhydrous MgS0 4 and evaporated. The crude solid (80.8 
g) wss recrystaiiized from ethyl acetate to give 24.7 g of 1 -methyisulfonyi -4-pheny!butan-2-cne as white nee- 
dles. 

m,p.87.S-93.4°C. 

* UN MR Sppm (CDOj) : 2.31-3.03(7H : m, CH 2 CH 2 and CH 3 ), 3.99(2H, s, CH 2 ), 7.16-7.33{5H, m, Aromatic), 
IR (KBr-dtsk) voir' : 1730(00). 1320, 1305. '"' 

(3) Synthesis of 1-diazo-1-methytsuffonyi-4-phenylbutan-2-one 

To 2 solution of 1-meth>'!sy:fcnyt-4-phenyf&utan-2-oae (1 2 g, 0.05 mole} obtained in above (2) in methylene 
chloride (135 ml), tdethylamme (11,5 g) was added dropwise, stirring was continued for 30 rrilnutes. To this 
solution, p-toSuenesuifony! azlde (11.5 g, 0.06 mole) obtained in Synthesis Example 10, (1), was added drop- 
wise at 0 - 5°C ( followed by reaction at the same temperature for 5 hours and the solvent was removed. The 
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residua! solid {28.6 g) was recrystalifeed from carbon tetrachloride to afford 7.5 g of l-diazo-l-mefhyMfonyi- 
:-one as f. 'allow ns ss having a n ng f - ^ 

iHNMR vpprr {CDCI3) . 2e3-3.07(4H, n CH- C! : ; 3 17(3B. s, CH 3 ), 7.18-7.35{5H, m, Aromatic),. 
fR (KBr-disk) vcm 2120 ' J 2) ' " C 0} 1335 1315. 

Synthesis Example 16 

Synthesis cf 1-<Jia2c-' fonyij-3,3 "< buian-2-Oiia 

! otoerissuito 3-d;msthy!S>uian-2"0n6 
To a solatia ) of1-broroo 3.3-d c n ?tt y s«Jfox d« <330mD, sodium 

pt jenes fin 34.9 g 20 mole) was added a smail portion at 30 tO°C, stirring was continued at 60 
'CCf J ' H 2 0(2 ?), the oa bip late w.=i r *i tared by 

suction, washed with H.0 and dried to give 41.6 g of 1-{ P .toluenasulfonyi}-3 ( 3-dimethyibutan-2-ona as white 
crystals. 

m.p. 113- 122"C. 

1 HNMR Sppm (CDCU) ; 1.1 2{9H, s, C(CH 3 k) . 
Z4S(3K s. CH4 : 4.31 (2H, a, CHj), 7,3S{2H, d, J=8Hz, Ar 3-H, 5-H), 7.82{2H, d, J=8Hz, Ar2-H, 8-H). 
R (KBr-disk) vert 1 1 (OO 1320,1290 

i'2i Synthesis of 1-diazo-Hprtofesuene$dfoay!)-3,3-dimethylbuton-2-on6 

Using 1 -(p- Diuene jimt hyfcutan-2-ona (20 g, 0.08 mole), the reaction was carried out in the 

same manner ss described in Synthesis Example 15, {3}, and the crude solid (24 g) was recrystaiiized from 
ethancS to give 12.8 § of 1-dtazo-1-(p-tcieuensulfonyi}-3,3--iiimethyibtitan~2-one as pale yellow microneedles, 

m.p. 120.5 • 12/:.5*C. 

iHNMRSppm (CDCi a ) : 1.17{9H, s. C(CH$t, 
2.440K s, CH S 5, 7,34(2H, d, >3Hz, Ar 3-H, S-H), 7.93(2H, d, Ar 2-H. S~H). 

IR (KBr-disk) venr' : 2140{CN 2 ), 16S0(C=O), 130.5. : 

Synthesis Example 17 

Synthesis of cydohexyi 2-dsazo-2-phenyisuifonyiacetate 
(1) Synthesis of cyciohexy! 2-phenylsulfonytocetate 

Toe solution of cyclorsexyl 2-brorocacetate (15.6 g, 0.07 moie} in dimethylsuifoxide (120 ml), sodium ben- 
zsnesulflnate dihydrate (15 g. 0.075 moie} was added in a small portion at 30 - 40'C, stirring was continued 
at 89*C for 6 hours. The resultant mixture was poured into ice-cold Hp (1.8 ?)« The precipitate was filtered, 
washed with Hp and dried to afford 15.3 g of cyciohexy! 2-ptienyisulfonyiacstate as white crystals. 

m.p. 35 - SB'C. 

'HNMRSppm (CDCW : 1.t1-1.82(10H, m. cyclohexyMc CH 2 x5), 4.11(2M, s, CH 2 ), 4.644.82{1H, m, cyc- 
iobexylic CH), 7.50-7.98{5M. m, Aromatic}. 
jR{K3r-disk) vcnr< : 1735(0-0}, 1230. 
(2} Synthesis of cyciohexy! 2-dia2C-2-phenvSsdfonylacetate 

Using cyciohexy! 2-phenylsuitonylacetate (10 g, 0.035 mole) obtained in above (1), the reaction was carried 
aat in the same manner as described in Synthesis Example 15. (3), and the residual soiid (11 g) was 
chromatography on silica gei {Wakcge! C-200, a trade name. mfd. by VVako pure Chemical industries, Ltd.} 
with n-hexane/methylenech!oride{6/1 ->4/1 -+ 1/1) aseioentio afford 5.8 g of 2-diazo-2-phenyls«{fonylac8tate 
as a p3\a yellow oil. 

"HNMR Spprrs <CD-CS 3 ) : 1.1 5-1. 86(1 OH, m, cydohexylic CH 2 x5>, 4.73-4.89(1H, m, cydohexylic CH}, 7.47- 
3.07(5H, n, Aromatic). 

JR (Heat) vcm-' : 21S0{CM 2 }, 1730(C=O), 1310. 

Experiment 1 

Using poly(p-tert-butoxyst/rene-p-hydroxysSyrerte) obtained in Synthesis Examples 1, 3 and 4, tos follow-. 
i mm prepared ; 

Poly{p~tert-butoxj§feyrene-g-- 3,0 g 

hydroxys tyrene) 

Methylene glycol diraethyl ether 7.0 g 

17 



SPS446374A2 



Each composition was spin coated on a substrate such as 3 semiconductor and soft baked at 80 e C for 90 
seconds on a hot plate to give a polymer film of 1 pro thick. The resulting polymer film was subjected to UV 
measurement 

Fig. 2 shows UV spectra, wherein the curve 1 is a UV spectral curve of me resist material film using the 
5 polymer obtained in Synthesis Example 1, the curve H is that of the resist material fiim using the polymer 
obtained in Synthesis Example 3, and the curve ill is that of the resist material fiim using the polymer obtained 
in Synthesis Example 4. As is dear from Rg, 2, the resist materia} film using the polymer obtained in Synthesis 
Example 1 is by far excellent in the transmitfartce forltght of near 240 - 250 nm compared with the reslsl mate- 
rials using the polymers obtained in Synthesis Examples 3 and 4. 

10 

Experiment 2 

Using polymers obtained in Synthesis Examples 1(2), 6(1) and 6(2), comparison was made as to heat 
resistances and adhesiveness. 
is The heat resistance test was carried cut by measuring the glass transition temperatures (Tg) of individual 
polymers using differential thermal analysis (DTA). 

The test for adhesiveness to the substrate was carried out by preparing the following resist material, forming 
a pattern as mentioned below, and evaluating with the naked eye. 

20 

Polymer 6.0 g 

2,4~dimethyi-2-(p-toluenesulfonyl)- 0.3 g 

pentan-3-on {photoacid generator 
25 obtained in Synthesis Example 13) 

The pattern forming method is explained referring to Fig. 1. The resist material 2 as mentioned above is 
spin coated on a substrate 1 such as a semiconductor, and soft baked at 90" C for SO seconds on a hot plate 
to ojva a resist material film of 1.0 pm thick (Fig. 1 (a)). Then, the resist material film is exposed to KrF excimer 
m laser light 3 of 24S.4 nm selectively via a mask 4 (Fig, 1(b)). After baking at 1 1C*C for 90 seconds on a hot 
plats, development is carried out using an alkali developing solution (a 2.38% aqueous solution of tefe- 
rsmethylamrncnium hydroxide) for 50 seconds to remove oniy the exposed portions of the resist materia! film 
2 to give positive pattern 2a (Fig. 1{c)). 

The results are shown in Table 1. 

3$ 

Table 1 



40 


Polymer 


Tg (»C) 


Adhe s i v ene s s 
to substrate 




Synthesis 
Example 1(1) 


95 


Ho good 


45 


1(2) 


150 


Good 




6(1) 


110 


No good 


50 


6(2) 


160 


Good 



As is dear from Table 1, the resist materials containing the polymers with the monomer units having 
phenolic hydroxy! group (obtained in Synthesis Examples 1(2) and 5(2)) are more excellent in the heat resist- 
ss snce and adhesiveness to substrate compared with the resist materials containing the polymers without the 
monomer units having phenolic hydroxy; group (obtained in Synthesis Examples 1(1) and 6(1)). 
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Example 1 

Using the following resss* mate ji, the pattern was fc nrssd in ire ssr a -nar>n&. ; escribed if? Exper irnenl 

2. 

poly(p-tert~butoxystyrene-p-hydroxy~ 6.0 g 

styrene) (polymer obtained in 
Synthesis Example I) 

2~{cyciQhexylcarbenyi)~2-(p-toliiene- 0,3 g 

sulfonyl) propane (photcsacid generator 
obtained in Synthesis Example 9) 

Diethylene glycol dimethyl ether 13.7 g 

The resulting positive tone pattern had resolution of 0.3 pm fines and spaces. The exposure energy atnciM 
was about 18 rnJ/crn 2 . 

Examples 2 to 20 

Resist materials contain^ 0.6 g of a polymer, 0.3 g of a photoacid generator and 1 3.7 g of diethylene glycol 
dimethyl ether ss listed in Table 2 were prepared Using these resist materials, pattern was formed in the same 
manner as described in Experiment 2. The results sre shown in Table 2. 
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so As is dear from Table 2, when the pattern is formed by using the resist materials of the present invention, 
there can be obtained tine patterns of stibrnlcron order with good shape. 

Further, ss shown in Examples 2 to 4, when the pattern is formed by using the resist materia! containing 
the polymer obtained in Synthesis Example 1, fine pattern can eassiy be formed with less exposure energy- 
amount than the case of using the resist materials containing the polymers obtained in Synthesis Examples 3 
ss and 4 {produced by processes 2 and 3). 

As mentioned above, when the resist materials of the present invention are used, fine patterns of submicron 
order with good shape can easily be obtained by using a Sight source of 300 nm or less such as deep UV light, 
KrF excimer faser light {248.4 nm), etc. Therefore, me present invention has a large value on uitrafins pattern 
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formation In semiconductor industry, Needless to say, me resist materials of She present invention can be used 
for pattern formation by using not only deep U V light and KrF exciroer laser light, but siso Mine Sight {365 nm), 
electron beams. X-rays, etc. 

Claims 

1 A resist materia! comprising 

(a) a polymer represented by the formula : 




wherein R< is a methyl group, an Isopropyi group, a tert-butyl group, a fceirahydfopyranyl group, a 
tnmethylsiiyi group or a tert-butoxycarbonyl group ; R 2 is a hydrogen 3tcm or a methyl group ; and k 
and p are independently an integer of 1 or mors provided that kJ{k*p) * : 0.1 to 0.9, 
(b) a photosensitive compound being able to generate an acid by exposure to light, and 
25 (o) a solvent for dissolving the components {a} and (b). 

2. A resist materiai according to Claim 1, wherein in the formula R* is a tert-butyl group, a tetrahydropyranyl 
group or a irimethyisily! gfoup ; and R 2 is a hydrogen atom. 

30 3. A resist material according to Claim 1 , wherein in the formuia (i), R ' is a tert-butyl group ; and R 2 is a hyd- 
rogen atom. 

4. A resist materiai comprising 

(a) a polymer represented by the formula : 

ss 



4Q 




ill) 



45 

wherein R 1 is a methyl group, an isopropyi group, a tart-butyl group, a tetrahydropyranyi group, a 
irimethyisily! group or a teri-outoxycarboriy? group ; R 2 is a hydrogen atom or a methyl group ; R 3 and 
R 5 are independently a hydrogen atom or a methyl group ; is a hydrogen atom, a carboxyi group, a 
SO cyano group, or a group of me formula : 




(in); 



wherein W is a hydrogen atom, a halogen atom or a Sower alky! group ; R 6 is a hydrogen atom, s cyano 
21 
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group, or -COOR 5 ; R a is a straight-chain, branched or cyclic aikyi group having 1 io 1G carbon, atoms; 
k\ p' and m are independently an integer of 1 or more, provided that 0,1 £ k'/{k'+p'} si 0.9 and 0.05 S 
ml{W +p'*m) & 0.50, 

(b) a photosensitive compound being able to generate an acid by exposure io light, and 
s (c) a solvent for dissolving the components (a) and (b). 

5. A resist materia! according to Claim 4, wherein in the formula (jl), R 1 is a tert-butyi group, a tetrahyd- 
ropyrany! group, or a trisnethyisilyi group ; R" is a hydrogen atom or a cyano group ; R 3 is a cyano group 
or a tert-butcxycarbonyl group ; and R 2 , R J and R s are independently a hydrogen atom. 

K> 

6. A res!:: materia! acccrcing to Claim 4, wherein in the formula {!!), R 1 is a tert-butyi group ; R 4 Is 3 hydrogen 
atom cr a cyano group ; R s is a cyano group ; and R ? , R 3 and R 5 are independently a hydrogen atom. 

7. A resist material according Io Claim 4, wherein In She formula {%), R 5 is a tert-buty! group ; R s is a tert- 
15 butoxycarbonyi group ; and R\ R 3 , R 4 and R* are independently a hydrogen atom. 

8. A resist materia! according to Claim 1, wherein the polymer of the formula (!) is obtained by polymerizing 
a monomer of 'he formula : 



25 




(IV) 



wherein R' and R 2 are as defined in Ciaim 1, and eliminating R 1 at predetermined proportion using a suitable 
acid, 

35 9. A resist matenal according to Claim 1, wherein the polymer of the fomuils (!) is obtained by polymerizing 
p-tsrt-butoxystyrene and eiiminating R 1 at predetermined proportion using a suitable acid. 

10. A resist material according to Claim 4, wherein the polymer of the formuia (If) is obtained by copoiymerizing 
a monomer of the formula : 



(IV) 



; re in R' a^d F as - n 4 tn monomer of the fomsuia : 
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c * c (V) 

u u 



wherein R 3 through R s are as defined in Claim 4, and eliminating at predetermined proportion using a 
surtabia acid. 

11. A resist material according to Ciaim4, wherein the polymeref the formula (H) is obtained by copolymerizing 
p-tert-botoxystyrane anc a monomer of the formula : 



c - c (v> 

wherein R 3 through R 8 are as defined in Claim 4, and eliminating R 1 at predetermined proportion using a 
suitable acid. 

12. A resist material according to any one of Claims 1 to 11, wherein the photosensitive compound fl>) is a 
compound of the formula : 



R S ~S— C— X~~R 10 (VI) 



wtte&vfPafld R 1B are independently a straight-chain, branched or cyclic alky! group having 1 to 10 carbon 
atoms, a haioaikyi group having 1 io10 carbon atoms or a group of the formula : 



-<CH ? ). 



wherein R 5 ' and R« are independently a hydrogen atom, a lower aikyi group having 1 to 5 carbon atom, 
or a haicsikyi grou p having 1 to 5 carbon atoms ; n is zero or an integer of 1 or mora ; X is a carbonyi group, 
a csfbonyloxy group or a suifonyi group. 

13v A resist materia! according to any one of Claims 1 to 11, wherein the photosensitive compound (b) is a 
compound of the formula : 
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0 R 



,14 



13 



•s 



c 



— c 




(XI) 



O R' 



.15 



0 



wherein R 1S is a straight-chain, branched or cyclic alkyi group hating 1 to 10 carbon atoms, a trifiuoromethyl 
group, or a group of the formula : 



wherein R- 7 is a hydrogen atom or a methyl group ; R 1 * and R ,s are independently a hydrogen atom, or a 
lower alkyi group having i tc 5 carbon atoms ; and R 1<i is a straight-chain, branched or cyclic aiky! group 
having 1 to 10 carton atoms, a phenyl group, a halogen-substituted phenyl group, an alkyf- substituted 
phenyl group, an alkoxy-substituted phenyl group, or an 3iky!thio-substituted phenyl group. 

14. A resist material according to any one of Claims 1 to 11, wherein the photosensitive compound {b} is a 
compound of the formula : 



wherein R- s , R' 9 , and R 21 are Independently a hydrogen atom, a halogen atom, a straight-chain, bran- 
ched or cyclic alkyi group having 1 to 10 carbon atoms, or an aikoxy group having 1 to 10 carbon atoms ; 
and 2- Is a perchiorate ion, a p-to!uenesuifonate ion or a triflucromethanesuifonate ion. 

15. A resist material acccrdloo to any one of Claim 1 to 11 , wherein the photosensitive compound {b) is a com- 
pound of the formula : 



wherein R 22 is a trichioroacetyl group, a p-toluenesulfonyi group, a p-trifluoromsthyfberszenesu!fanyi group, 
a methanesuifcnyl group or a trifluoromethanesulfonyl group ; and R" and R 2i are independently a hyd- 
rogen atom, a halogen atom, or a nltro group. 
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